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Subject: REM III PROGRAM - EPA CONTRACT NO. 68-01-7250
CROYDON TCE SITE, BUCKS COUNTY, PENNSYLVANIA
FINAL FOCUSED FEASIBILITY STUDY REPORT ______

Dear Mr. Winegar:

Enclosed are six (6) copies of the Final Focused Feasibility
Study (FFS) Report for the Croydon TCE Site. This FFS has been
prepared in accordance with EPA Region Ill's request in place of
a "standard" FS. This Final FFS has incorporated the EPA
comments submitted to the REM III Team on August 3, 1988.

r. Attachment A provides a listing of these comments along with the
~ REM III Team's responses.

( ' Following the Phase II remedial investigation, the REM III Teaia
~ will submit a "standard" FS which addresses all environmental
-~ media at the Croydon TCE Site. The subject FFS only addresses

I~. an alternate water supply and in-house treatment of groundwater
-^ for those residents who are not serviced by a public water

supply and are affected by contaminated groundwater. The No '
; Action Alternative is also evaluated for comparison purposes.

If you have any questions or comments regarding this report,
please feel free to call me or our Site Manager,
Mr. Raymond P Wattras, at 412-783-1080.

Very truly

Richard C Evans, £.£.
Regional Manager, Region III

RCE/RPW/drp

cc: S Del Re - EPA (w/o enclosure)
M Yates - ZPMO
M Amdurer - ZPMO

j S Missailidis - ZPMO ,
R Wattras - NUS AR30 I

( L Johnson - NUS
I" File: W.A. No. 124-3LM7 (621Y/553)
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••••". ATTACHMENT A \'̂ :*

RESPONSES TO EPA COMMENTS
ON THE DRAFT FOCUSED FEASIBILITY STUDY

Comment No. 1:

On page 4, it is unclear. why the contaminant level of TCE at the
exposure point be reduced to below 5 ug/1 (the MCL). EFA
Headquarters recently stated that the most pertinent ARAR
clean-up level is the MCL, if it exists for the chemical of
interest.
Response:

This sentence has been revised to state that contaminant
levels will be reduced to "acceptable levels," which in
this case would be to 5 ug/1 or lower.

Comment No. 2:

On page 17, it is stated that lead was detected above health-
based standards and that it appears to be unrelated to the
ground water contamination associated with the site. It should
be also stated here that . elevated levels of lead may be
attributed to household plumbing or well systems containing lead
piping or copper water piping with lead/tin solder jointed
fittings. In addition, the point at which sampling is done on
private wells is not specified in the FFS, therefore, this issue
may or may not be of concern. .
Response:

A sentence has been added to indicate that the presence
of lead may be due to the plumbing. The sample was taken
directly from the holding tank.

Comment No . 3 :

Table 1-2 does not mention the detection of 1,4-dichlorobenzene
in residential wells, however, it is listed as a chemical of
concern in Table 1-3. .
Response:

This table has been revised; however, 1,4-dichlorobenzene
is no longer listed as a chemical of concern in Table 1-3
since it was only detected in 4 out of 40 residential
wells and at a maximum concentration of 0.20 ug/1.

AR301
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Comment No. 4;

In Table 1-1, we are concerned about possible elevated levels of
1,2-dichloroethane in private wells. We also remain concerned
about the presence of benzene at possibly elevated levels.

Response:

1,2-Dichloroethane was detected in 4 out of
40 residential wells at a maximum concentration of
3.3 ug/1. The MCL for this contaminant is 5 ug/1. Only
1 out of 40 residential wells exhibited benzene
(3.8 yg/1). Benzene was detected in only one monitoring
well at a concentration of 0.4J ug/1.

Comment No. 5:

Also in Table 1-3, if 4,4-DDT and dieldrin are chemicals of
concern in the ground water, why are they not mentioned in
Table 1-1? In addition, there is no MCL for 1,4-dichlorobenzene
as Table 1-3 suggests.

Response:

Table 1-1 has been revised to include dieldrin and
4,4-DDT. The contaminant 1,4-dichlorobenzene is no
longer listed as a contaminant of concern due to the low
levels (and limited frequency) detected in the wells.
The MCL identified for this contaminant was an error.

Comment No. 6:

In Table 1-4 on page 28, why is the Hazard Index for the
ingestion of ground water <1 for the future case and >1 for the
current case? Is this correct?
Response:

This table has been revised to depict the current case
as <1.

Comment No. 7:

On page 30, it is stated that "this feasibility study does not
address the remediation of ground water" (i.e., pump and treat).
Even though the pump and treat alternative would most likely be
selected as the remedial action alternative, it should not be
implied here as the selected alternative for ground water
remediation. .

Response:

'"( This sentence has been revised. "Pump and treat/) R&9 /
v_ been deleted.



Comment No. 8;—— •
The Bristol Borough Water and Sewer Company is not an Authority.
This system has previously failed to monitor for organic and
inorganic chemicals as required by SDWA and may still be in
violation. The quality of water provided by this system should
be examined. Bristol Borough is supplied by one intake on the
Delaware River and 3 wells. None of these sources are near the
site or likely to be within its scope of influence.
Response:

All references to "Authority" have been removed from the
text. Prior to submitting the Draft FFS, we requested
and received an analysis of both their intake water (from
a well) and their treated effluent. The intake water,
which is supplied by wells in Edgely, exhibited elevated
levels of TCE and PCE (approximately 10 ug/1). The
treated effluent did not exhibit these contaminants above
the method detection level. The results were presented
as <0.5 ug/1 for both of these contaminants.

Comment No. 9:

The applicability of the "rules of thumb" and selection of the
driving 6AC demand factor for the equations determining filter
unit parameters (Appendix A) is questionable, considering the
characteristics of this ground water. It appears that the
levels of solids and interfering compounds such as sulfate are
high enough to significantly affect the performance of the
filters.
Response:

High levels of suspended solids would definitely
interfere with granular activated carbon adsorption by
blocking the active sites of the media and rapidly
fouling it, which would require much more frequent unit
backwashing than is practicable. It is, however,
questionable whether the maximum TSS value of 415 mg/1
shown on Table 3-1 is representative, as this sample was
taken from an inactive residential well. Active
residential wells have shown TSS readings of less than
10 mg/1 and it is our experience that most people will
not routinely use water containing more suspended solids
as it is objectionable to sight and will not fulfill its
cleaning purpose. At this level of suspended solids, the
"rule-of-thumb" of 10 pounds of granular activated carbon
per pound of TOC is not unreasonable.

-AR30IH3
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Dissolved sulfates, especially at concentrations of
86 mg/1 or less, will not interfere with granular
activated carbon adsorption. Other sulfur compounds such
as sulfides may compete with organic compounds for
adsorption, but not sulfates.

Comment No. 10;
•

Why are not all of the chemicals of concern appearing in
Table 1-3 for residential wells, included in the sampling
program for those limited number of residential wells west of
the plume?

Response:

Table 1-3 has been revised to reflect the chemicals of
potential concern that were identified in the Final HI
Report (see Table 5-11 of the Final RI Report). Based on
the revised list of critical contaminants, wells located
west of the plume will also be analyzed for chloroform,
1,1-dichloroethane, and 1,1-dichloroethehe in addition to
those contaminants previously listed..

Comment No. 11;

On page 44, the proposed alternative calls for voluntary sealing
of domestic wells by homeowners. It will be necessary to ensure
that these wells are either properly sealed or that no cross
connection between private and public supplies exists. Private
systems should be properly disconnected from wells and flushed
prior to being brought on-line with a public water system.
Response:

This paragraph has been revised to state that if the
homeowner desires to be connected to the public water
supply, it will be necessary to disconnect and/or abandon
the well.

Comment No. 12:

Cement grout of concrete should not be used to seal planned
abandoned wells. Both of these materials would drastically
change the ground water pH in the immediate area, which would
influence ground water sample quality. It is recommended that
clean sand, clay, or gravel be placed in screened wells within
the screened interval, followed by cement grout or neat cement.
For open hole rock wells, it is recommended that holes be filled
with clean sand, clay, or gravel to 10 feet below the casing,
followed by a 1 to 2 foot bentonite seal before completing the
hole with cement grout or neat cement.

Att-4



Response: '•'•' • :"

V—^ The backfilling of the abandoned wells will follow the
. suggested method.

Comment No. 13:

In the second paragraph, it should be noted that the GAC filter
will be replaced approximately every 6 months.

Response:-
The word "approximately" has been added.

Comment No. 14:

Since the second nitrate analyses for residential wells during
the Phase I RI did not detect contaminant concentrations above
health based levels, any discussion of nitrates or nitrate
contamination in the FFS should be eliminated.

Response:
All discussions regarding nitrate contamination have been
deleted.

A

Comment No. 15:

r. The discussions of the TCE plume and its apparent correlation to
•& Potential Source Area No. 1 may still be premature. Please
:- refer to our earlier comments, which appear in our July 20th

Phase I Draft RI report comments.
Response:

The discussions of the TCE plume and apparent correlation
to Potential Source Area No. 1 have 'been modified to
include the area near the Sherwood Refinishing Shop
(i.e., Potential Source Area No. 3b).

AR30IH5
I
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EXECUTIVE SUMMARY

c

I

The Croydon TCE Site Focused Feasibility Study (FFS) Report .was
prepared to evaluate alternatives which prevent human exposure
to contaminated groundwater having concentrations of trichloro-
ethene (TCE) and related constituents in excess of Federal and
state "health-based standards (i.e., MCLs). A limited number of
affected households (estimated to be 13) in the community of
Croydon are without the service of a public water supply and are
solely dependent on groundwater for everyday usage. These
households are also located within an area where groundwater is
contaminated with TCE at levels which exceed the Maximum
Contaminant Level (MCL) of 5 ug/1.

Because the source of the contamination was unknown, a
two-phased remedial investigation (RI) and feasibility study
(FS) was proposed in August 1937. This Final FFS Report was
prepared in conjunction with the Phase I RI to address the
problem of groundwater exposure and the current threat to public
health. Remedial alternatives which address source control or
management of migration (for all contaminated media) will be
.developed for the Croydon TCE Site following the Phase II RI.

-. The Croydon TCE Site is located in the southernmost portion of
: Bristol Township, Bucks County, Pennsylvania. The site was
.:; identified by the United States Environmental Protection Agency

(EPA) during the investigation of the Rohm & Haas Site, which
- borders part of the Croydon TCE Site (see Figure 1-1 in

I- .Section 1.0). Rohm & Haas Company, which operated an industrial
— landfill from 1952 to 1975, conducted an environmental study to

determine whether the landfill presented a threat to human
health or the environment. As part of this study, monitoring

! .-•. wells and residential wells north of the landfill area (i.e.,
. upgradient with respect to groundwater flow) were found' to be
contaminated with TCE and other volatile compounds (primarily
constituents of TCE). Rohm & Haas concluded that a plume of
contaminated groundwater was emanating from a source upgradient
from its landfill and has migrated onto Rohm & Haas' property.
Because many of the businesses in the Croydon area may also use
products containing TCE, EPA determined that a separate RI/FS

' was required to determine the source(s) of the plume migrating
. toward the Rohm & Haas Site. In September 1935, the Croydon TCE
Site was included on the EPA National Priorities List (NPL) and
ranked 616th.
The study area is bordered by Interstate 95 to the north. River
Road and the Delaware River to the south, Neshaminy Creek to the
west, and Route 413 to the east, and encompasses approximately
3.5 square miles. The study area is both residential and

i industrial in nature. In addition to the Rohm & Haas
1 facilities, several small- to large-scale ma&J?&Qijr
( -facilities are located in Croydon. Approximately 2,500 peop'fi

reside in Croydon and the surrounding areas. The manufacturing



and commercial facilities are located in the eastern portion of
Croydon, whereas the residential areas encompass the central,
northern, and western portions of Croydon. Commercial
businesses are primarily located along U.S. Route 13 and State
Road, which run parallel to each other before they intersect
with Route 413 (see Figure 1-1 in Section 1.0). The area north
of U.S. Route 13 is mostly residential.
The "focused area of investigation" (see Figure 1-2 in
Section 1.0), which is situated in the southeastern portion of
the study area, includes a portion of the Croydon residential
community and an area where several large- to small-scale
manufacturing and commercial establishments are located. This
area covers about 1 square mile. A limited number of homes
within this area depend solely .on groundwater for everyday
usage. This FFS will be concerned with this "focused area of
investigation" as opposed to the entire 3.5 square mile study
area. Groundwater outside of the focused area of investigation
is not contaminated with TCE, based on data collected during the
Phase I RI ..........

The geology of the Croydon TCE Site consists of unconsolidated
r sand, gravel, silt, and clay deposits overlaying metamorphic

bedrock. Total thickness of the unconsolidated deposits in well
borings ranged from 29 to 69 feet in the study area and from

:: 40 to 65 feet in the borings south of the study area
(BCM, 1986). Bedrock underlying the unconsolidated deposits is
described as Wissahickon Schist, a late Precambrian-early
Paleozoic metamorphic rock unit of probable sedimentary origin,

; which is considered the basement rock in the area. The bedrock
« surface is irregular, and has an overall regional slope to the
~,, southeast.

The site is situated within the Delaware River Basin. The
Delaware River forms a portion of the southern boundary of the
study area and is the regional discharge point for both
groundwater and surface water.

1 Two aquifer systems are present in the Delaware River Valley
region. Groundwater occurs in both the unconsolidated deposits
and in the underlying bedrock. The two flow systems are not
interconnected in the study area, because of the presence of
local clay layers and a substantial thickness of weathered
bedrock (saprolite) which inhibits the movement of groundwater
between formations (BCM, 1986). In the vicinity of the site,
the unconsolidated deposits are a source for domestic and
industrial water supply. The bedrock groundwater flow system ie
of minor importance to groundwater supply in the vicinity of the
site.
A Phase I hydrogeologic investigation was conducted to determine

| the nature and extent of groundwater contamination .and assess
1 public health risks posed by groundwater contamirftfifcJQ | !$§§
' hydrogeologic investigation consisted of sampling 46 monitoring

wells and 40 residential wells. Based on the Phase I analyticali
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results, groundwater contamination is primarily limited to the
southeastern portion of the study area (i.e., within the focused
area of investigation) . Contaminants of potential concern in
the groundwater include chloroform (8.9 ug/1), 4,4-DDT
(0.063 ug/l)r 1,1-dichloroethene (75 ug/l)» 1,1-dichloroethane
(3 ug/1), dieldrin (0.30 ug/l)r tetrachloroethene (4 ug/l)r
1,1,1-trichloroethane (160 ug/1), and trichloroethene
(420 ug/1)* TCE and tetrachloroethene (PCE) are the only
contaminants that exceeded health-based Applicable or Relevant
and Appropriate Requirements (ARARs) in the residential well
samples.
'The TCE plume appears to be migrating from one or two potential
source areas located just north of U.S. Route 13 (see Figure 1-2
in Section 1.0). The plume is migrating in a south-southeast
direction in the direction of the regional groundwater flow.
The highest concentrations of TCE and related compounds within
the plume are observed in the area north of River Road and south
of State Road. Generally, the deep monitoring wells installed
in the unconsolidated deposits in this area had higher TCE
concentrations than the shallow wells. The horizontal extent of
the TCE plume is to the Delaware River, based on studies
'conducted by BCM for the Rohm & Haas Company. Monitoring wells
"'located near the river have exhibited TCE levels as high as
100 ug/1. A baseline risk assessment was conducted using the

_ data collected during the Phase I RI. Households located within
the area of the TCE plume who use groundwater for everyday uses
are at risk. Groundwater ingestion, inhalation of contaminants
volatilized from groundwater household use, and dermal

- absorption and inhalation of contaminants while bathing were
:• found to be above the EPA benchmark of a 10-6 carcinogenic risk.

-Preliminary estimations have identified 13 homes within the TCE
: contaminated zone that are not serviced by the public water

supply and depend on groundwater for everyday usage. Households
that are located west or north of the TCE plume are not at risk
since the plume is migrating in a south-southeast direction.
Samples collected from residential wells located north and west
of the groundwater contamination zone did not indicate the
presence of TCE or other volatiles at elevated levels (less than
1 ug/1)* No households are located east or south of the plume
within the study area.

: The number of homes without the services of a public water
supply was estimated using information provided by the Borough
of Bristol Water and Sewage Department. A listing of streets
within the plume area was given to the Water and Sewage
Department* Households along those streets that were not on the
Department's water billing data base were identified and
subsequently forwarded to the REM III Project Team.

i The feasibility study process consisted of developing remedial
' action objectives and general response actions, identUtfftimg [ftflfti
C screening technologies applicable to each genera" response
P-- action, assembling technologies into alternatives, and

I
I
I
i



f performing a detailed analysis on each of the candidate
alternatives. ;

"'^ The development of remedial action objectives was focused on the
| protection of human health for those residents of Croydon who

are solely dependent on groundwater for everyday use, and are
located within the TCE-contaminated groundwater zone. The
focused nature of this feasibility study did not address the
remediation of groundwater throughout the study area since this
will be addressed following the Phase II RI. Other medium-
specific objectives (i.e., soil, surface water, etc.) and
alternatives will also be addressed following the completion of
the Phase II RI.
Due to the focused nature of this feasibility study, only two
remedial action objectives were identified; prevent human
exposure to contaminated groundwater, and reduce the contaminant
level of TCE at the exposure point to acceptable levels (i.e.,
the MCL). A total of 3 remedial alternatives were subsequently
identified and are described below.
No Action (Alternative No. 1) - This alternative was included

.& for comparative purposes and provides a baseline assessment.
.t,
•4

;- Alternate Water Supply With Monitoring (Alternative No. 2) -
- This alternative involves the construction of 13 new water

• • service lines and the connection to the Borough of Bristol water
* supply mains. Only one street (Belleview Avenue) requires the

~s j- construction of a 6-inch water main line. The other streets
* throughout the area of concern already have a water main line to
.* connect into.
.t. The intent of this alternative is to eliminate the present and

future health risks associated with potable and nonpotable use
of contaminated groundwater. Only those homes (13) that are at
risk or may be at risk in the future were included in this
alternative. A limited amount of groundwater monitoring was
included to ensure that homes which are located outside of the
groundwater contamination zone are not at risk by using the
groundwater.

Individual Well Treatment with Granular Activated Carbon and
with Monitoring (Alternative No. 3) - This alternative involves
the installation of a granular activated carbon (GAC) treatment
unit in each of the 13 homes using private wells in the area of
concern. The intent of this alternative is to reduce the
present and future health risks associated with the potable and
nonpotable use of contaminated groundwater to acceptable levels.
Monitoring of the GAC treated effluent would be required to
ensure that the unit is operating properly. Additionally, the

. GAC unit will be serviced approximately every 6 months to
j replace the carbon. The vendor would have to be responsible
1 hauling the spent carbon away and disposing/tfiaiuiBg

properly. ."III'.JII. ._
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The detailed analysis of each alternative is summarized in
x- Table ES-1. Remedial Alternative No. 2 (Alternate Water Supply)
I provides the best overall protection to the public health, is

very reliable, and would most likely be acceptable to the State
i and community. Additionally, the present worth cost ($106,000)

is lower than Alternative Number 3 ($312,000) since extensive
monitoring and analysis is required for the later alternative.
The present worth cost is based on a 30-year project life, a
5 percent discount rate, and zero inflation.

AR30|-I»56
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. 1.0 INTRODUCTION
}

V_y NUS Corporation (NUS), under contract to Ebasco Services
Incorporated (Ebasco), is pleased to submit this Final Focused
Feasibility Study (FFS) Report to the U.S. Environmental
Protection Agency (EPA) . Preparation of this Final FFS was
accomplished in response to Work Assignment Number 124-3LM7
under EPA Contract Number 68-01-7250. This FFS was developed in
conjunction with the Phase I Remedial Investigation (RI) to
evaluate alternatives which would prevent human exposure to

£ contaminated groundwater via consumption, dermal contact, or
inhalation of volatiles. Alternatives to eliminate these
exposure routes are necessary since a number of residential

s dwellings within the study area are without the service of a
| public water supply and therefore, depend on groundwater for

everyday usage. This FFS is necessary to address this problem
since a threat to human health exists in certain areas of the

* study area. Remedial alternatives which address source control
or management of migration (for all contaminated media) will be
developed following the Phase II RI.
1.1 PURPOSE AND ORGANIZATION OF REPORT

. The Croydon TCE Site FFS Report was prepared to evaluate
> alternatives which prevent human exposure to contaminated

groundwater having trichloroethene (TCE) and other contaminants
in excess of Federal and state health-based standards (i.e.,

\. MCLs). A limited number of affected households (estimated to
"̂"̂  be 13) in the community of Croydon are without the service of a

public water supply and are solely dependent on groundwater for
everyday usage. These households are also located within an
area where groundwater is contaminated with TCE at levels which
exceed the Maximum Contaminant Level (MCL) of 5 ug/1.
Residential well samples collected from households within this
area exhibited levels of TCE as high as 97 ug/1* Monitoring
well samples collected within this plume revealed levels of TCE
as high as 420 ug/1.
The remainder of this section describes the site history, nature
and extent of groundwater contamination, fate and transport of
groundwater contaminants, and the baseline (no action) risk
assessment. Section 2.0 identifies and screens technologies,
based on the remedial action objectives and general response
actions. The development and screening of alternatives is
described in Section 3.0. Section 4.0 provides the detailed
analysis and comparison of these alternatives.
1.2 SITE BACKGROUND

T»

1.2.1 Site Description ......... .. _ . . . . . .
\ The Croydon TCE Site is located in the southernmost portio

Bristol Township, Bucks County, Pennsylvania (see

-10-
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Because the source of "contamination was fa rid still is) unknown,
and a possibility existed that widespread groundwater

V_y contamination was present in this area, a 3.5 square mile study
area was established during the Phase I RI. 'As shown in
Figure 1-1, the study area is bordered by Interstate 95 to the
north. River Road and the Delaware River to the south, Neshaminy
Creek to the west, and Route 413 to the east.

The area between River Road and U.S. Route 13, extending east of
the Mary Devine Elementary School and west of Route 413, was
studied extensively during the Phase I RI and has been referred
to as the "focused area of investigation" (see Figure 1-2). The
focused area of investigation, which lies within the "study
area", and was studied extensively because (1) groundwater

| beneath this area was known to be contaminated with TCE,
(2) some residential dwellings within this area are without the
service of a public water supply and are using contaminated

' groundwater, (3) surface water in this area was known to be
< contaminated, (4) ten potential source areas within this area

were identified through historical photographs, and (5) several
small- to large-scale manufacturers who may have used products

j containing TCE are located in this area.
• -.;»'.,

S The focused area of investigation includes a portion of the
Croydon residential community and an area where several large-
to small-scale manufacturing and commercial establishments are
located. This area covers about 1 square mile. A limited
number of homes within this area depend solely on the use of
groundwater for everyday usage. This FFS will be concerned with

4 this "focused area of investigation" as opposed to the entire
;i 3.5 square mile study area. Groundwater outside of the focused
::'• area of investigation is not contaminated with TCE, based on
>;; data collected during the Phase I RI.

' The geology of the Croydon TCE Site consists of unconsolidated
sand, gravel, silt, and clay deposits overlaying metamorphic
bedrock. Unconsolidated deposits within the Delaware River

i Valley consists of Upper Cretaceous sediments of the Raritan
i Formation and Quaternary age deposits, primarily Pleistocene

(Wisconsin) age glacial outwash in the form of valley fill
I deposits, which are overlain by a thin veneer of recent
' alluvium. Total thickness of the unconsolidated deposits in

well borings ranged from 29 to 69 feet in the study area and
from 40 to 65 feet in the borings south of the study area
(BCM, 1986).

Bedrock underlying the unconsolidated deposits is described as
* Wissahickon Schist, a late Precambrian-early Paleozoic
•' metamorphic rock unit of probable sedimentary origin, which is

considered the basement rock in the area. The bedrock surface
is irregular, and has an overall regional slope to the
southeast.

-12-



sw

••M

I

$ 4*/I
'* :/ AR30U65

•. w



The site is situated within the Delaware River Basin. The
Delaware River forms a portion of the southern boundary of the
study area and is the regional discharge point for both
groundwater and surface water.

Two aquifer systems are present in the Delaware River Valley
region. Groundwater occurs in both the unconsolidated deposits
and in the underlying bedrock. The two flow systems are not
interconnected in the study area because of the presence of
local clay layers and a substantial thickness of weathered
bedrock (saprolite) which inhibits the movement of groundwater
between formations (BCM, 1986). In the vicinity of the site,
the unconsolidated deposits are a source for domestic and
industrial water supply. Most of the domestic water supply is
now received from the Borough of Bristol Water and Sewage
Department, which is located east of the study area in Bristol,
Pennsylvania. The bedrock groundwater flow system is of minor
importance to groundwater supply in the vicinity of the site.
There are currently no data describing any bedrock groundwater
users in the local area, probably due to the ready availability
of adequate groundwater supplies in the overlying unconsolidated
deposits and the low hydraulic characteristics of the bedrock
aquifer.

South of River Road (outside of the study area) is a large
industrial landfill owned by Rohm & Eaas Company (Rohm & Haas)
and Chemical Leaman Tank Line, Inc. (BCM, 1988). At present,
the landfill is being investigated by Rohm & Eaas under a RCRA
Corrective Action. The landfill was also studied by Rohm & Eaas
to determine whether it was the source of the TCE groundwater
contamination that is present in the southeastern portion of the
study area (north of River Road). Eowever, based on studies
conducted to date by Rohm & Eaas, TCE-contaminated groundwater
is migrating toward the landfill area (i.e., southward toward
the Delaware River) and not toward the study area (i.e.,
northward toward River Road). Studies conducted by Rohm & Eaas
have indicated that the source of the TCE contamination is not
likely to be migrating from the landfill. Therefore, this
landfill was not included as part of the study area based on
these studies. Data collected during the Croydon TCE Site
Phase I RI support Rohm & Eaas1 findings and conclusions.
As shown in Figure 1-2, the Rohm & Eaas Company property extends
just north of River Road, but no landfilling or waste dumping by
Rohm & Eaas is known to exist in this area. This area of the
company property is mainly undeveloped and does not contain any
Rohm & Eaas manufacturing facilities. It is being studied as
part of this RI/FS since groundwater beneath it is contaminated
with TCE and other organic constituents.
The Mary Devine Elementary School is located at the westernmost
portion of the focused area of investigation (see Figure 1-2)
Approximately 500 children in grades kindergarten tl${̂ @Q {st̂
grade attend this school. Rohm & Eaas previously owne
approximately 23 acres of land which included the .schopJU tand

-14-



surrounding grounds. However, it has been reported that no
dumping was done in this area by Rohm & Haas (BCM, 1988).

( Several athletic fields, which are still owned by Rohm & Haas,
are situated east of the elementary school.

For the most part, the remainder of the study area outside the
focused area of investigation is primarily residential. With
the exception of commercial establishments along State Road and
U.S. Route 13, there are only a few small-scale, industrial
manufacturing facilities outside the focused study area.
Several residential communities, which were mainly constructed

_ in the 1940s to 1960s, make up the western and northern portions
- of the study area. These communities include Croydon, Croydon
- Heights, Croydon Acres, Maple Shade, West Bristol, Belardy, and
Rocicdale. According to 1980 U.S. Census Bureau figures,
approximately 67,500 people live in Bristol Township.
Population figures were not available for the individual
communities within the study area; however, it is estimated that
the population within the study area could range from 2,000 to
3,000 people.

1.2.2 Site History

* The Croydon TCS Site was identified by EPA after a series of
- events led to a remedial investigation of the Rohm & Haas Site,

which forms part of the southern boundary of the Croydon TCE
Site. The series of events began in 1978 when a congressional

V investigating subcommittee was formed to examine the potential
J^ :-_ threats posed by hazardous waste disposal sites across the

country. The subcommittee requested waste disposal information
~ from 53 of the largest chemical companies in the country. One
'- of these companies, the Rohm & Haas Company, reported that

hazardous waste produced by the company were disposed of on the
company's property in Croydon, Bristol Township. Following a
recommendation from the subcommittee, the EPA inspected the

-property and discovered that groundwater and surface water on
the Rohm & Haas Site were contaminated by various organic
compounds.

In 1980, Congress passed the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), better known
as "Superfund." This act provided the state and Federal
governments with the authority to address abandoned or
uncontrolled hazardous waste disposal sites and established a
fund for remediating the sites once they were identified. As
required by the new law, Rohm & Haas notified the EPA that the
wastes disposed on its Bristol Township property included
43 tons of RCRA-hazardous waste by definition, or had components
listed as hazardous (BCM, 1988). Total process waste in the
landfill is estimated to be 268,000 tons (BCM, 1988).

j Subsequently, in 1983, Rohm & Haas hired
Incorporated (BCM) to conduct studies on its Bristl

( property. Following this investigation, BCM released two
I reports: Report on Landfill Investigationr April 1984, and

t
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Landfill Investigation, February 1985. The reports concluded
that the property posed no threat to human or environmental
health. Nevertheless, the EPA proposed the Rohm & Eaas Site for
the National Priorities List (NPL) in April 1985 and thereby
identified the site for long-term remedial action under the
Superfund Act.
Under the REM III Program, BCM's reports were reviewed by
Ebasco, Incorporated (Ebasco), for EPA. Ebasco submitted a
report to EPA in November 1985 that identified some deficiencies
in the BCM reports. Eowever, Ebasco concurred with BCM's
conclusions, which suggested that a plume of contaminated
groundwater appeared to emanate from an apparent source (or
sources) .and is migrating onto the Rohm & Eaas property.
Because the source of the contaminated plume was not identified
and because many of the businesses in the Croydon area may also
use products containing TCE, the EPA determined that a separate
RI/FS was required to characterize the nature and extent of the
contamination, assess the public and environmental health risks
associated with the contamination, and identify potential
remedial alternatives.
In April 1985, the NUS Corporation Field Investigation Team
(FIT) prepared a Eazard Ranking Score (ERS) for the Croydon TCE
Site. An ERS of 31.60 was calculated. This score was based on
the findings of the Rohm & Eaas investigations, which included
data for groundwater, surface water (Eog Run Creek), and
sediments in the southeastern portion of the Croydon TCE study
area. Because the source of contamination was unknown, a site
boundary could not be established. In September 1985, the
Croydon TCE Site was selected for inclusion on the National
Priorities List (NPL) and ranked 616th.
Because only a limited amount of information was available for
the study area and the source(s) of the TCE groundwater
contamination was unknown, a two-phased RI/FS was proposed to
gather sufficient information to meet the project goals. The
scoping of the Phase I RI/FS was conducted by the REM III Team
during a 3-week period following the site reconnaissance of
March 24, 1987. The Final Phase I RI/FS Work Plan was submitted
to EPA in August 1987. The Phase I RI/FS objectives are
outlined below. ' ,

* Characterize the nature and extent of groundwater
contamination detected within the southeastern portion of
the study area (i.e., the focused area of investigation).

• Assess the public health and environmental risks posed by
groundwater within the study area.

• Determine the quality of local surface water to estimate
the impact from groundwater .discharge and estimate^ hea}tj
and environmental risks associated with the usf ~ *~
waters.

I -16-



. • Identify potential source areas that may be contributing
L. to the groundwater contamination which is present within
( the southeastern portion of the study area.

! • Determine the presence or absence of contaminants in soil
where suspected landfill material may have been disposed.

Various field investigations were conducted to acquire the
appropriate data to meet the Phase I objectives. These studies
included a hydrogeologic investigation, a residential well
survey/investigation, and a surface water and sediment
investigation. A limited amount of soil sampling was also
undertaken in response to an EPA request. The request was made
following a public meeting when a local resident indicated that
fill material from the Rohm & Haas Landfill was allegedly
disposed throughout Croydon. Three separate areas were
identified by the local resident and subsequently sampled.
The field activities were conducted during the period
September 1987 - March 1983. The data was subsequently analyzed
and evaluated, and a Final Phase I RI Report was submitted to
EPA in August 1988. The findings and conclusions of the Phase I
study, along with the baseline risk assessment, are summarized
in the following subsections.

--• 1.2.3 Summary of the Phase I Remedial Investigation Findings
»"

f A summary of the nature and extent of contamination identified
v in groundwater, surface water, sediment, and soil within the

- Croydon TCE Site study area is provided below.
•^ . • A plume of contaminated groundwater was identified in the
r southeastern portion of the study area. The plume

appears to originate from one or two potential source
areas just north of U.S. Route 13 (see Figure 1-2) and is
migrating in a south-southeast direction. Trichloro-
ethene and related compounds are the predominant
contaminants detected in this plume.

• The occurrence and distribution of groundwater
contamination suggests the possible presence of a second
TCS plume originating from an off site area east of
Route 413. Localized groundwater flow is toward the
northeast, opposite of the regional flow system in this
area.

• Lead was detected above health-based standards in 1 out
of 40 residential well samples. This contaminant is not
related to the groundwater contamination which is
associated with this site. The presence of lead may be
due to the household plumbing or well system, where lead

I piping or solder may be present.
( • Surface water and sediments in Hog Run Creek and̂ inê 01̂

behind the VFW Post contain low levels (less thanI
-17-



* 10 ug/1) of volatile organic compounds. Groundwater
discharge to this surface water is considered the source

'̂ —̂  of these compounds.

t • Sediments within the study area contain polycyclic
aromatic hydrocarbons (PAEs) and slightly elevated levels
of several inorganic constituents. Based on the findings
and conclusions of the Phase I RI, these constituents are
probably unrelated to contamination associated with the
site.

• Surface soil samples were obtained from three areas where
fill material from the Rohm & Eaas landfill was allegedly
placed. The samples contained PCBs, PAEs, and/or
pesticides. Based on the Phase I RI data, it is unknown
whether these compounds are associated with the Rohm &
Eaas landfill, represent background levels, or are
attributable to another contaminant source. This will be
investigated during the Phase II RI.

As mentioned previously, an FS that addresses all environmental
media will be conducted in conjunction with the Phase II RI.

•: The Phase II RI will focus on the following:

• Investigate the area north of U.S. Route 13 (Potential
• Source Area No. 1 and No. 3b) to determine whether this

area may be the source of the groundwater contamination.

• Delineate the northern boundary of the TCE plume.

• Determine whether another "offsite" plume of TCE is
migrating onto the Croydon TCE Site near River Road and
Route 413.

• Verify public health risks posed by the use of
groundwater within the study area.

• Verify the presence or absence of PCBs in the soil.

Because* the FFS addresses only groundwater exposure, the
following subsection only provides additional information on the
nature and extent of groundwater contamination.
1.2.4 Nature and Extent of Groundwater Contamination

Twenty-nine REM III monitoring wells, seventeen existing Rohm &
Eaas monitoring wells, and forty residential wells were sampled
during the Phase I RI. Residential-well and monitor ing-well
sampling locations are shown on Figure 1-3. Figure 1-3 also
provides the level of TCE for each one of these sampling
locations so that the plume can be depicted.

AR3QU70
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Figure 1-3 -'See back pocket.
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The primary objectives of the monitoring-well sampling were to
characterize the nature and extent of groundwater contamination
in the southeastern portion of the study area and to identify
potential source areas that may be contributing to groundwater
contamination. Residential wells were sampled to characterize
water quality throughout the Croydon TCE Site study area (i.e.,
the 3.5 square mile area) and to assess the potential public
health risks associated with groundwater use.

All new and existing monitoring wells and all residential wells
were analyzed for Target Compound List (TCL) volatile organics.
Ten residential wells (RW30 through RW39) were analyzed for
selected water chemistry parameters in addition to the TCL
volatiles. Additionally, selected monitoring wells (LF-13-18,
LF-13-43, LF-15-26, LF-15-37, MW3(S), MW3(D), MW5(S), MW5(D),
MW13(S), and MW13(D) and selected residential wells (RW1 through
RW8) were analyzed for TCL base-neutral acid (B/N/A) extractable
organics, TCL pesticides/polychlorinated biphenyls (PCBs),
Target Analyte List (TAL) inorganics, and cyanide.

Organic and inorganic compounds detected in monitoring wells and
residential wells are given on Tables 1-1 and 1-2, respectively.
Based on the Phase I chemical analytical results, groundwater
contamination is primarily limited to the southeastern portion
of the study area (i.e., focused area of contamination).
Contaminants of potential concern in the groundwater are given
on Table 1-3. Of these contaminants, TCE and FCE were detected
at concentrations above health-based ARARs.

As shown on Figure 1-3, the TCE plume appears to be migrating
from the area north of U.S. Route 13. The plume is migrating in
a south-southeast direction in the direction of the regional
groundwater flow. The highest concentrations of TCE and related
compounds within the plume are observed in the area between
River Road and State Road. Monitoring wells MW8(D), MW5(D),
MW15(S), MW15(D), CR26(D), and LF-13-43 exhibited the highest
concentrations of TCE. Generally, the deep monitoring wells
installed in the unconsolidated deposits in this area had higher
TCE concentrations than the shallow wells. The horizontal
extent of the TCE plume has reached the Delaware River, based on
studies conducted by BCM for, the Rohm & Eaas Company.
Monitoring wells sampled by BCM, which are located near the
river have exhibited TCE levels as high as 100 ug/1.
Groundwater contamination associated with the plume would
primarily discharge to the East Branch of Hog Run Creek.
Eowever, on the south side of the East Branch of Eog Run Creek,
local groundwater flow is toward the northwest, in the opposite
direction of regional flow. The TCE contamination detected in
monitoring wells MW15S and MW15D may to be associated with
another source. Eistorical data suggest this contamination may
be the result of the presence of another "offsite" plume
originating east of Route 413 (BCM, 1988). This
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>- TABLE 1-1
(

ORGANIC AND INORGANIC CONSTITUENTS DETECTED
! IN MONITORING WELLS

CROYDON TCE SITE

Compound

Acetone
2-Butanona

Benzene
1,1,1-Trichloroe thane
1,1, 2-Tr ichloroathana

1,1-Dichloroethane
1,2-Dichloroethane
Cis-l,2-dichloroethene

Tatrachloroathana
Trichloroathena
Trans-l,2-Dichloroathane
1,1-Dichloroethene ,
Chloroform
Chlorodibromomathana

Bromodichloroznethane
Cis-l,2-dichloroethane
Bis(2-ethylhaxyl)phthalata

4,4-DDT

Dialdrin
Aluminum(2)

Antimony

Arsenic
Bariua

Haximund)
Datected

Concentration

9 . 5 J
3.0J

0.4J

ISO

0.7J

3J

1SJ

1.4

4.1J

420

4.6

75

3.9

0.3

0.4J

0.1J

4J

0.3J

0.3

129,000/HD(2)

25/ND

31/ND

4, 300/36

Location
(Maximum

Concentration)

CR-13-55

CR-23-32

MW1(D)

MW15(S)

HW15(D)

MW15(D)

MW8(D)

CR-19-37

MW5(D)

MW15(D)

CR-13-55

MW15{D)

LP-13-18

LF-15-26

KW5(S)

KW15(S)

LF-15-37

HW5(S)

L7-15-2S

HW5(S)

MW5(S)

HW13(S)

HW13(S)

I
i -21-
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TABLE 1-1
ORGANIC AND INORGANIC CONSTITUENTS DETECTED
IN MONITORING WELLS
CROYDON TCE SITE
PAGE TWO

Compound

Cadmium
Calcium

Cobalt
Copper
Chromium

Iron

Lead
Magnesium
Manganese
Mercury

Nickel

Potassium
Sodium

Zinc

Ammonia (as M) (mg/1)
Chloride (mg/1)
Hi trite/Nitrate (mg/1)

Haximum(l)
Detected

Concentration

5.2/ND

31,000/14,000

744/13

1,780/26

2,000/MD

257,000/363J

68/14.4]

167,000/8,420

11,300/4,100

1.1/ND

1,690/HD

51,500/2,750

17,700/15,600

5,350/29

0.34

63.4

0.138/2.12

Location
(Maximum

Concentration)

HW13(D)

HW13(S)

HW13(E)

MH13(S)

HW13(S)

MW5(S)

MW5(S)

HW13(S)

MW5(S)

HW13(S)

MW13(S)

MW13(S)

HW5(S)

HW13(S)

HW5(S)

MW5(S)

HW13{S)

I
! . -22-
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TABLE 1-1
( ORGANIC AND INORGANIC CONSTITUENTS DETECTED

' IN MONITORING WELLS
I CROYDON TCE SITE

PAGE THREE

I
I

Compound

Sulfate (mg/1)
TDS (mg/1)

TOC (mg/1)

TSS (mg/1)

BOD (mg/1)

Alkalinity (CaCO3) (mg/1)

Maxiraum(l)
Detected

Concentration

78.3

1,300

1.0

33,010

122

43.2

Location
(Maximum

Concentration)

KW5(D)

MH13(S)

LP-13-18

MW13(S)

MW13(S)

MW13(S)

(i) Results reported in ug/1 unless otherwise noted.
(2) Metal analyses reported as total metals/dissolved

metals.
: ". J: Denotes reported value is estimated. Actual

value may be higher or lower.
f ND: Not detected above instrument detection level. )
v - []: Brackets denotes that the reported value was X-A

below the method detection level.

AR30|i»75
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TABLE 1-2

ORGANIC AND INORGANIC CONSTITUENTS •'
DETECTED IN RESIDENTIAL WELLS

CROYDON TCE SITE

Compound

Benzene

Ethylbenzene

Chlorobenzene
1 , 1 , 1-Tr ichloroe thane
1,1,2-Trichlorce thane
1 , 1-Dichloroe thane
1,2-Dichloroe thane

Tetrachloroethene
Trichloroethene

Trans-l,2-dichloroethene
1 , 1-Dichloroe thene
Vinyl chloride
Carbon tetrachloride

Chloroform

Methylene chloride
Bromodichlorome thane

Butyl benzyl phthalate
1 , 2-Dichlorobenzene
1 , 3-Dichlorobenzene
1,4-Dichlorobenzene

Aluminum

Barium

Cadmium

Calcium

Copper

Iron

Maximumd)
Detected

Concentration

3.8
16

0.02
75

0.05

3

3.3

4.3

97

0.06

5.1J

.19J

0.24

1.2

100J

0.02

8.2J

0.10

0.22

0.20

1,8SOJ<2)

t!06]L

{2,610]

17,800

399

9,100J

Location
(Maximum

Concentration)

RW32

RW32

RW32

RW34

RW34

RW33

RW18

RH34

RH21

RH33

RW34

RH33

RW35

RW1

RW6

RW31

RW1

RW33

RW33

RW26

RW1

RW4

RW7

RW8

Rwd D o n——— A R 3 D
RWl

Iv
\ -24-
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TABLE 1-2
( ORGANIC AND INORGANIC CONSTITUENTS DETECTED

IN RESIDENTIAL WELLS
i CROYDON TCE SITE

PAGE TWO

k

Compound

Lead
Magnesium
Manganese

Mercury

Nickel
Potassium
Sodium
Vanadium
Zinc
Ammonia (as H) (mg/1)
Chloride (mg/1)
Mitrite/Hitrate (as H) (mg/1)
Sulfata (mg/1)
TDS (mg/1)
TSS (mg/1)
BOD (mg/1)
Alkalinity (CaO>3) (mg/1)

Maximum(l)
Detected

Concentration

104K
11,000

134

0.2

[161
[3,380]
26,300

12
335J
0.3
49

0.26
86
320
415
14
71

Location
(Maximum

Concentration)

RW1
RW4

RW4

RW1
RW7
RW2

RW1

RW2

RW4

RW3

RW2

RW33

RW33

RH35

RW39

RW35

RH32

RW32

RW30

(D Results reported in ug/1 unless otherwise
noted.

(2) Metal analyses for samples which are
unfilteredt total metals

ND: Not detected above instrument detection level.
J: Denotes reported value is estimated. Actual

value may be higher or lower.
L: Denotes reported value may be biased low.

Actual value may be higher.
K: Denotes reported value may be biased high.

Actual value may be lower.
[ ]: Brackets denote that the reported value is

below the method detection level.
AR30!tt77
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TABLE 1-3

V' CONTAMINANTS OF POTENTIAL CONCERN IN GROUNDWATER AT THE
I CROYDON TCE SITE

Contaminants of
Concern in Monitoring

Wells

Chloroform

4, 4 '-DOT

1, 1-Dichloroe thane

1, 1-Dichloroe thene

Dieldrin

Tetrachloroethene
1,1, 1-Tr ichloroe thane

Tr ichloroe thene

Maximum
Detected

Concentration
(vg/i)

8.9

0.3J

3.0J

75

0.3

4.1J

160

420

Health-Based ARARs (ug/1)

MCLGU)

—
—

—
__

--

0<e)

200

0

HCL(b)

100(d)

—

—

7

—

—

200

5

Other (c)

HA
(1.2x10-3)

NA

HA

(1.1x10-3)

HA

NA

NA

Contaminants of
Concern in

Residential Nells

Chloroform

1, 1-Dichloroe thane
1, 1-Dichloroe thene
Tetrachloroethene
1,1, 1-Tr ichloroe thane

Tr ichloroe thene

Maximum
Detected

Concentration
(vg/i)

1.2

3

5.1J

4.3

75

97

Health-Based ARARs (ug/1)

MCLGU)

—

—

—

0(c)

200

0

MCL(b)

100(d)

—

7

—

200

5

Other (c)

NA
HA

HA

HA

NA

NA

(a) Maximum Contaminant Level Goal. MCLGs are
nonenforceable goals which are set at levels which would
result in no known or anticipated adverse health effects
with an adequate margin of safety.
Maximum Contaminant Level. MCLs are enforceable
standards that are set as close to MCLGs as is feasible
after consideration of treatment technologies, costs,
availability of analytical methods, and other factors.

AR30U78



TABLE 1-3
f- CONTAMINANTS OF POTENTIAL CONCERN IN MONITORING WELLS AND
V RESIDENTIAL WELLS AT THE CROYDON TCE SITE

PAGE TWO
x

(c) Ambient Water Quality Criteria, adjusted for drinking water
only, are used as ARARs for those chemicals for which no
MCL or MCLG exists. Value in parenthesis is the ambient
water concentration risk assuming a person drinks 2 liters
of water/day and weighs 70 kg;

(d) standard is for total trihalomethanes.
(*) Proposed.

This criterion has not been developed for this chemical.
NA Not Applicable; other criteria, such as adjusted AWQC, are

used as ARARs only for those chemicals for which neither
MCLs or MCLGs are available.
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appears to be migrating onto the Croydon TCE Site and combining
with the Croydon TCE plume near River Road. This possibility
will be investigated during the Phase II RI.

1.2.5 Baseline Risk Assessment - Human Exposure to Groundwater

A baseline risk assessment was conducted using the data
collected during the Phase I RI. This risk assessment was
performed using the guidelines established in the Superfund
Health Evaluation Manual (EPA, 1986).

Eousehold occupants located within the area of the TCE plume who
use groundwater for everyday uses are at risk. The risks
associated with groundwater ingestion, inhalation of
contaminants volatilized from groundwater household use, and
dermal absorption and inhalation of contaminants while bathing
were found to be above the EPA benchmark of a 10-6 carcinogenic
risk. The average and plausible maximum risk levels are
outlined on Table 1-4 for these exposure pathways. Future use
of the groundwater was also evaluated. These risk calculations
are based on data collected from monitoring wells within the TCE
contaminated zone, as shown on Figure 1-3.
Eouseholds that are located west or north of the TCE plume are
not at risk since the plume is migrating in a south-southeast
direction. Samples collected from residential wells along
Linton, Emily, Keystone, and Summit avenues did not indicate the
presence of TCE or other volatiles at elevated levels (<1 ug/1).
These streets are located west of the plume (see Figure 1-3).
Additionally, no contamination was found in households located
along High Street, Maple Avenue, or Garfield Avenue. These
streets are located north of the plume. No households are
located east or south of the plume within the study area.

AR30llt80
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TABLE 1-4f
SUMMARY OF RISK ASSESSMENT SCENARIOS FOR HUMAN EXPOSURE TO

GROUNDWATER CONTAMINANTS AT THE CROYDON TCE SITE

Exposure Pathways

Ingestion of Groundvater

Inhalation of Volatile
Organic Chemicals Released
Indoors from Contaminated
Groundwater

Dermal Absorption While
Bathing in Contaminated
Groundwater

Current Total Excess
Upperbound Lifetime

Cancer Risk*

Average
Case

2 x 10-6

4 x 10-6

5 x 10-6

Plausible
Maximum
Case

1 x 10-*

2 x 10-*

4 X 10-4

Current Hazard Index
for Moncarcinogenic

Risks*

Average
Case .

<1

<1

<1

Plausible
Maximum
Case

<1

<1

<1

* Risks are based on data collected from residential wells and
represent current conditions.

Exposure Pathways

Ingestion of Groundwater
Inhalation of Volatile
Organic Chemicals Released
Indoors from Contaminated
Groundwater
Dermal Absorption While
Bathing in Contaminated
Groundwater

Future Total Excess
Upparbound Lifetime

Cancer Risk**

Average
Case

7 x 10-5

7 x 10-6

7 x 10-6

Plausible
Maximum
Case

2 x 10-3

3 x 10-3

3 x 10-3

Future Hazard Index
for Noncarcinogenie

Risks**

Average
Case

<1

<1

<1

Plausible
Maximum
Case

<1

<1

<1

** Risks are based on data collected from monitoring
represent future conditions.
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2.0 DEVELOPMENT AND SCREENING OF REMEDIAL TECHNOLOGIES

The FS process involves the development of alternatives, the
screening of alternatives, and the detailed, analysis of
alternatives for the remediation of a site. Alternatives for
remediation are developed by assembling technologies into
alternatives that address contamination on a sitewide basis or
for an identified operable unit. For this FFS, alternatives for
eliminating or reducing the risks posed by groundwater usage and
exposure will be developed. The FS process involves six steps
as outlined below.

1. Develop remedial action objectives specifying the"
contaminants and media of interest, exposure pathways,
and remediation goals that permit a range of treatment
and containment alternatives to be developed. The
objectives developed are based on contaminant-specific
ARARs, when available, and risk-related factors. For
this FFS, remedial action objectives are focused on
exposure pathways/risks for those residents who depend on
groundwater for everyday use.

2. Develop general response actions for each medium of
interest defining containment, treatment, excavation,
pumping, or other actions, singly or in combination, that
may be taken to satisfy the remedial action objectives
for the site. Because of the focused nature of this FFS,
the only media considered is groundwater.

3. Identify volumes or areas of media to which general
response actions might be applied, taking into account
the requirements for protectiveness as identified in the
remedial action objectives and the chemical and physical:
characterization of the site. This FFS is limited to a
portion of the focused area of investigation where a
current health risk exists for those residences without
the service of a public water supply.

4. Identify and screen the technologies applicable to each
general response action to eliminate those that cannot be
implemented technically at the site. The general
response actions are further defined to specify remedial
technology types.

5. Identify and evaluate technology process options to
select a representative process for each technology type
retained for consideration.

6. Assemble the selected representative technologies into
alternatives representing a range of treatment and
containment combinations, as appropriate.

AR30U83
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This section of the FFS addresses the following:

• Identification of remedial action objectives and general
response actions (Steps 1 through 3).

• Identification of remedial technologies based on the
remedial action objectives and general response actions
(Step 4).

• Screening of technologies for technical suitability
(Steps 4 and 5) .

• Sections 3.0 and 4.0 identify and evaluate the remedial
alternatives respectively (Step 6).

2.1 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES

The development of remedial action objectives has been focused
on the protection of human health for those residents Of Croydon
who are solely dependent on groundwater for everyday use, and
are located within the TCE-contaminated groundwater zone (see
Figure 1-3). The focused nature of this feasibility study does
not address the remediation of groundwater throughout the study
area since this will be addressed following the Phase II RI.
Other medium-specific objectives (i.e., soil, surface water,
etc.) and alternatives will also be addressed following the
completion of the Phase II RI.
Table 2-1 identifies the remedial action objectives for this
FFS. General response actions that satisfy these objectives are
'also included in this table. Exposure pathways associated with
groundwater include ingestion, inhalation, and dermal contact.
Together, all three of these pathways present a health threat in
excess of the carcinogenic risk of 10-* for average future use
and 10-s for the current average case.
Two objectives have been identified. The- first objective
focuses on a total prevention of human exposure to the
groundwater. The second objective focuses on the reduction of
groundwater contaminants at the point of exposure to acceptable
levels. The general response actions are limited in number
since this FS is focused on residences that are not serviced by
a public water supply and are located within an area that is
known to have contaminated groundwater. "No action" has been
included as a general response action for comparative purposes.
In summary, the general response actions are:

• Alternative water supply
• Individual well treatment
• No action

AR30U8I*
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TABLE 2-1

REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS
CROYDON TCE SITE

Remedial Action Objectives

1.

2.

Prevent human exposure to
contaminated groundwater.

Reduce the contaminant level
of TCE in groundwater to
acceptable levels (i.e., MCL)

General Response Actions

• No action
• Alternate water

supply
• No action
• Individual well

treatment

AR301t*85
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2.2 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES

Potential remedial technologies for each of the response actions
are listed in Table 2-2. These technologies were identified
based on a listing of technologies provided in the Guidance
Document for Providing Alternate Water Supplies (USEPA 1987).

Treatment technologies that are not applicable for home
installation have not been included in the initial list of
technologies. These technologies are not considered feasible at
this time but will be evaluated following the Phase II RI.
The initial list of remedial technologies contained in Table 2-2
was prescreened for technical suitability. The prescreening
criteria included the following:

• Implementability - constructability and time to achieve
cleanup.

• Applicability - physical and chemical suitability for
site condition.

2.2.1 Connection to an Existing Water Supply

The construction of new water lines, and connection to the
existing public water system is a feasible technology that is
based on common engineering and construction practices. The
Borough of Bristol Water and Sewage Department. is a public
(municipally owned) water supplier serving the Bristol and
Croydon area. The existing water distribution system serving
the Croydon area is shown on Figure 2-1. The Bristol Borough
Engineer (Middle Atlantic States Engineering, Inc.) indicated
the existing capacity of the treatment plant is 9 million
gallons per day (mgd) and the capacity of the distribution
system is 8 mgd with an additional capacity of 1.5 mgd for,peak
flows (Wright, 1988). The water demand promised to date is
approximately 7.1 mgd, based on average flow; thus, the existing
water system has adequate capacity to provide new service to the
residents of Croydon who are currently using private wells for
their water supply (approximately 13 homes). This technology is
retained for further evaluation; however, a limited amount of
groundwater monitoring is necessary to ensure that homes outside
of the TCE contaminated zone without public water are not at
risk.
2.2.2 Development of New Water Sources

New water sources may include shallow wells that are drilled
upgradient of the contaminated source or deeper wells that are
drilled into the aquifer located below the contaminated aquifer
and not hydraulically connected to it. At the Croydon TCE Site,
a deeper aquifer is located below the contaminated agulfer,bu*
the capacity of this aquifer is not suf f icient t&K $ibviti@
adequate supply for the residents who are using groundwater
wells. The use of shallow wells upgradient of the contamination



-̂ TABLE 2-2r
GENERAL RESPONSE ACTIONS AND

ASSOCIATED REMEDIAL TECHNOLOGIES
CROYDON TCE SITE

General Response Actions

No action
Alternate water supply

Individual well treatment

Remedial Technologies

» Connection with
existing water supply

• Develop new water
resources

• Install oversized
community storage

• Carbon adsorption units

1
I
1 AR30U87
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r
source is not applicable to the Croydon TCE Site since the
contamination source is not clearly defined at this time and
such a system would require an extensive water distribution
system.

New water sources may include streams, rivers, ponds, lakes, and
reservoirs. These new surface water sources would also require
an extensive water distribution and treatment system which is
not practical since the existing public water system has
adequate capacity and has a distribution system that serves the
major portion of the Croydon area (see Figure 2-1).
Also, since the location of the source is unknown, it may be
difficult to site the location of potential water supplies and
detailed sampling and analysis would be required. Thus, the
development of a new water source is not retained for further
evaluation.
2.2.3 Oversized Community Storage Facilities

If an alternate water supply does not have sufficient yield to
meet maximum demand, round-the-clock pumping and an oversized
storage facility may provide adequate flows. Such facilities
are commonly used only for demand fluctuations, fire flows,
emergencies, or other situations in which the demand exceeds
normal daily demand. Since the Bristol Borough Water Authority
has a capacity of 8 million gallons per day (mgd), a promised
demand of 7.1 mgd, and an additional capacity of 1.5 mgd for
peak flows, a new oversized storage .facility is not required for
the Croydon TCE Site and this technology is not retained for
further evaluation.
2.2.4 Carbon Adsorption

Depending on the contaminants present, a treatment process can
be designed to remove contaminants and reduce levels to comply
with drinking water standards. The treatment necessary to
remove a variety of contaminants can be complex and can involve
treatment trains consisting of various processes in series.
Processes used can be physical, chemical, or a combination of
these. However, in this case, the only practical treatment
technology that is applicable for home installation is granular
activated carbon (GAC). Whereas GAC can generally remove a
broad range of organics from drinking water, its effectiveness
depends on the specific chemicals present, their concentrations,
and the required degree of removal. As with any treatment
system, GAC design and economics should be developed on the
basis of adequate characterization of the influent and pilot
testing. The system described below is subject to modification,
based on development of more data.
A 10 gallon carbon capacity pressure unit is proposed to
the necessary contact time and the anticipated carbo
(see Appendix A for calculations). The unit would be -fed by the
well pump and would feature an automatic-timer-operated back

-36-



wash cycle to remove solids that accumulate. Backwashing
frequency depends on the quality of well water, which cannot be
projected for each of the individual wells because of
differences in well depth and construction. Since the carbon

| bed will capture suspended particulates that may be present in
groundwater supplies, backwashing is required to avoid excessive
pressure loss, which will interfere with the operation. The
backwash would be discharged to the sewer (this effluent would
not contain TCE—but rather suspended solids).

Replacement of the carbon is anticipated approximately every
6 months by the vendor. In order to provide proper operation
and maintenance of the units, contractor service is required.
Provisions would have to be made between EPA and the vendor for
the disposal of the spent carbon since it would be contaminated
with TCE and other contaminants. Quarterly testing of the
effluent is also necessary to verify that the system is
operating properly. Since contaminant concentrations may
increase and new contaminants may occur that cannot be
effectively treated by the GAC treatment, it is also necessary
to monitor the groundwater for significant changes in quality.

" The treatment of groundwater from private wells using individual
~ GAC units will be retained for further consideration since it is
~ the only individual water treatment technology applicable for
:: home installation.

i ; — 2.2.5 Technology Prescreeninq Summary

'-" The technologies that passed the prescreening are as follows:
• Connection to an existing water supply
• Individual well treatment with granular activated carbon

AR30U90
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3.0 REMEDIAL ALTERNATIVES DEVELOPMENT AND SCREENING

i The remedial technologies which passed the screening step were
"~^ used to develop remedial alternatives. Because of the focused

f nature of the feasibility study, the remedial technologies
themselves are sufficient to meet the focused site objectives
and can serve as individual alternatives. A total of three
remedial alternatives have been identified:

• No. 1 - No Action
I * N o . 2 - Connection t o Public Water System with Monitoring

• No. 3 - Individual Well Treatment with GAC and with
Monitoring

| Remedial alternatives are normally screened for effectiveness,
implementation, and cost prior to performing a detailed
evaluation. Eowever, since only three alternatives remain, the

& remedial alternative screening has been eliminated and the
* detailed evaluation on each of the above remedial alternatives

will be performed.

i

I
RR30,U92
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4.0 REMEDIAL ALTERNATIVES DESCRIPTION AND EVALUATION

The three remedial alternatives developed in Section 3.0 are
evaluated in detail and costed in this section.
The evaluation criteria used are:

Short-term effectiveness
Long-term effectiveness and permanence
Reduction of toxicity, mobility, and volume
Implementability
Compliance with ARARs
Overall protection of human health and the environment
Community acceptance
State acceptance
Cost

Factors for each evaluation criteria are summarized in
Table 4-1. Cost estimates for the alternatives considered are
described in Section 4.4.

4.1 REMEDIAL ALTERNATIVE 1 - NO ACTION

This alternative will not require implementation of remedial
actions, and the present and future potential human health and
environmental risks will continue unabated. These risks have
been identified and discussed in Section 1.2.5 and involve
unacceptable cancer risks to residents using groundwater for
drinking, cooking, and showering on the order of 10-3 to 10-6.

In addition to evaluating risks, a comparison to the applicable
or relevant and appropriate requirements (ARARs) was made as
part of the no action alternative. In the residential wells,•
the maximum concentration of trichloroethene (TCE) exceeds its
maximum contaminant level (MCL) and both the geometric mean and
maximum concentrations exceeded its maximum contaminant level
goal (MCLG). In the monitoring wells, the maximum concentration
of TCE exceeds its MCL and both the geometric mean and maximum
concentrations exceeded its MCLG. The maximum concentration of
1,1-dichloroethene exceeds both its MCL and MCLG. The geometric
mean and maximum concentrations of dieldrin in the monitoring
wells exceed the ambient water quality criteria (AWQC) for this
chemical corresponding to the 10-6 excess lifetime cancer risk
level. In both the residential and monitoring wells, the
geometric mean and maximum concentrations of tetrachloroethene
exceed the proposed MCLG of zero. Based on these comparisons,
consumption of groundwater at the Croydon TCE. Site will be
associated with some adverse health effects which will remain
under the no action alternative.
This alternative does not reduce the toxicity, mobility, or
volume of the waste. Also, it is very unlikely that the state
or the community would accept no action at the Croydofl Rr§lQ $££§jj

----- ^30
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Since no site activities are proposed under this alternative,
f~ evaluation of effectiveness/ implementability, and cost are not
1 performed. \^J

| 4.2 REMEDIAL ALTERNATIVE 2 - CONNECTION TO PUBLIC
WATER SYSTEM WITH MONITORING

i

4.2.1 Description

This alternative involves the construction of new water service
linesr mainsf hydrants, and valves and the connection to the
Borough of Bristol Water and Sewage Department supply mains (see
Figure 2-1). The intent of this alternative is to eliminate the
present and future health risks associated with potable and
nonpotable use of contaminated groundwater. The only street
within the zone of groundwater contamination without a water
main is Belleview Avenue. Only two homes are located along this
street. One household is connected to a water main from an
adjacent street. The other household is not serviced. In
addition to this household, 12 other households throughout the
study area are not serviced by the public water supply. These
homes are located along streets with an existing water main.

v ..For one reason or another, these homes are not connected to the
water main along their street or adjacent streets.
It is recommended that the homes without the services of a
public water supply be verified for number, location, and usage
prior to designing this remedial action. This is necessary . J
because the township has just recently installed water lines ^~^
along five streets within the study area and it is possible that
the township may continue to expand the water service.

This alternative involves installing ductile iron water mains of
the same size as the existing mains and 3/4 inch diameter copper
service lines with curb box and valve for each connected
residence. EPA will not be responsible for the operation and
maintenance of the water supply system once i't is operational.
EPA will transfer control of the new water lines to the Borough
of Bristol Water and Sewage Department as soon as construction
is complete. Therefore, construction details (i.e., diameter of
lines, spacing of fire hydrants, etc.) must meet the
requirements of the Borough of Bristol and local fire codes.
This alternative also involves groundwater monitoring to ensure
that homes located outside of the TCE contaminated zone without
public water will not be at risk. At present, homes located
west of Central Avenue without public water are not affected by
the groundwater contamination since the plume is migrating in a
south-southeast direction. Monitoring wells and. residential
wells located west of Harris Avenue did not exhibit TCE

. contamination. As a safeguard, however, a limited number of
I residential wells west of the plume (approximately 7 wells) that
' depend on groundwater will be sampled annually to confAiwintihg Q 7 •"
V absence of groundwater contamination in this area. A isarapl'el ̂ \̂ S"

shall be analyzed for trichloroethene (TCE)*, tetrachloroetheneI
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(PCE), vinyl chloride, 1,1,1-trichloroethane, 1,1-dichloro-
ethane. and 1,1-dichloroethene.

4.2.2 Short-Term Effectiveness

This alternative could be implemented relatively quickly to
mitigate health risks under both present and future conditions.
The estimated construction time for installation of additional
water lines in the community of Croydon is approximately
1 month.

The technologies involved to connect to the public water system
are well established and use common engineering and construction
practices. Generally, public water systems are very reliable
and require only minimal maintenance.
This alternative has no apparent occupational or community
health risks associated with implementation. The low
probability of const ruction- type accidents associated with heavy
equipment operation and material handling are not a major
consideration. Occupational exposure during construction is not
anticipated, but could be readily controlled using conventional
health and safety techniques. Environmental receptors should

W: not be affected by short-term excavation and installation
^ activities.
3 4.2.3 Long-Term Effectiveness and Permanencer '•>- mm̂ ^̂ m*̂ **̂ B̂̂ m̂̂ f̂ m̂̂ ^̂ mm̂ ^̂ ^̂ m̂ **̂ *̂ —̂ ^̂ m̂*̂ f̂ *̂ *̂ *mm̂ ^̂ *̂ ^̂ ^̂ *»m̂ ^̂ m̂m̂ mtm»mm̂ m̂mmm̂ m̂̂ mmm~ ,

This alternative meets the focused objective of eliminating the
:,*; present and future health risks associated with potable and
f; nonpotable use of the contaminated groundwater.

This alternative provides long-term reliability and any
maintenance required to the water mains would be provided by the
Borough of Bristol Water and Sewage Department. Maintenance of
the water service lines (on private property) is the
responsibility of the property owner, but this 'would be minimal.
This study does not address the cleanup of the groundwater and
exposure to residuals, because of the focused nature of this FS.
However, a forthcoming FS will address the restoration of the
groundwater and other effected media.
Those residents who elect to continue to use their private wells
for nonpotable and non-showering purposes are not expected to
incur any significant risk (see Section 4.2.7, Overall
Protection of Human Health and the Environment).
4.2.4 Reduction of Toxicitv, Mobility, and Volume

. Because of the focused nature of this FS, this alternative does
not address the reduction of the source of contamination,
toxicity , mobility, and volume of contamination; hoKtŷ Q I !| 9 8

t j forthcoming FS will address remediation of the groundwarer. u '

••- -• •• *j \ J- t f >-̂ .-r -- --v«-.-
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4.2.5 Implem'entabilitv .

( The technologies associated with this alternative are well-
established and use common engineering ' and- construction

1 practices. There will be no need to monitor the effectiveness
of the remedy, since the public water supply is regulated under
the Safe Drinking Water Act.

This alternative will require the approval of the Borough of
Bristol Water and Sewage Department. Since the water department
currently has excess capacity and the proposed water hook-ups
are within the corporate boundaries of Croydon, no opposition is
anticipated by the water department. The construction of the
new water main and service lines would require the coordination
of EPA and the water department to insure the new construction
complies with the design and construction standards of the water
department.
The Borough of Bristol Water and Sewage Department presently
provides water treatment for their service area and has adequate
capacity to provide the 13 proposed new water connections to
their system. It is estimated that the proposed new water
connections would increase the existing demand by 4,550 gallons

._• per day, based on average flow (13 dwellings x 3.5 residents per
_ dwelling x 100 gallons per day per resident).

4.2.6 Compliance with ARARsI . . .
•.- The alternate water supply can be furnished by the Borough of
-: Bristol Water and Sewage Department once the installation of the

new water main and individual service lines are completed. By
. connecting to the public water system, the water quality will be

regulated by the National Primary Drinking Water Regulations and
thus be in compliance with the health-based ARARs for the
Croydon TCE Site.
4.2.7 Overall Protection of Human Health and the Environment

Implementation of this alternative would eliminate the health
risks associated with exposure to contaminated groundwater.
Public health would be protected since the potential for
ingestion and dermal contact of contaminated groundwater, and
inhalation of volatile organic compounds at concentrations
greater than the National Primary Drinking Water Standards
released while using the water for household uses would be
eliminated. This remedial alternative will not address
protection of environmental receptors or risks resulting from
exposure to media other than groundwater. A forthcoming FS will
address these issues.
The residents within the study area who elect to continue to use

I their private wells for nonpotable purposes are not expected .to. Q
1 incur any significant risk. Nonpotable water uses, st£pR3ui Icao J
( washing and watering of lawns, will result in short term
I exposure to the contaminants- present in the groundwater. Both
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inhalation of volatile organics released -from the groundwater
and dermal contact with the groundwater with the potential for
absorption through the skin are possible exposure routes.
However, these exposures will be short term and should not
result in significant risks in comparison to those determined in
the public health evaluation. Any volatiles that are released
during these activities will be rapidly diffused into the
outdoor air and highly diluted resulting in minimal exposure.
Dermal exposures will also be minimal due to the short exposure
durations (e.g., minutes) relative to the amount of time it
typically takes to reach steady state absorption across the skin
(Scheuplein and Blank, 1969). In addition, the competing
reactions of volatilization and absorption will occur on the
very thin film of water that will result on the skin. It is
probable that since volatilization represents the path of least
resistance, it will be the preferred reaction.

• • • v •
If some residents wish to use their private well in addition to
having the services of public water, the homeowner must ensure
that cross-contamination will not occur. Otherwise, the private
well will be sealed once the public water service is installed.

_ The sealing of private wells will be implemented as follows.
". Clean sand, clay, or gravel will be placed in screened wells

within the screened interval, followed by cement grout or neat
cement. For open hole rock wells, the holes will be filled with
clean sand, clay, or gravel to 10 feet below the casing,
followed by a 1 to 2 foot bentonite seal before completing the
hole with cement grout or neat cement. The capital'cost for

. sealing (including all construction and mark-ups) is estimated
,: at approximately $350 per well and is based on a 4-inch diameter

well at a depth of 35 feet.
*̂

A public health issue of concern is the groundwater control
required for future residential development in the contaminated
zone. Specifically, the development of new residential wells
within the TCE contaminated zone should be restricted. In
order to prevent new wells from being constructed, a zoning
ordinance which restricts access, to a polluted aquifer may be
employed. However, it does not appear that any municipal entity
within Pennsylvania has adopted an ordinance either generally
prohibiting the withdrawal of water for any purpose, or
specifically for the purpose of human consumption (EPA, 1986).
It should also be noted that Superfund only corrects problems
within an existing system and does not include projections for
future growth. If an expanded remedy is desired by the State or
locality for fund-financed remedial actions, the State will
generally have to pay the incremental cost and the remedy must
then be implemented as a State-lead action.
4.2.8 State and Community Acceptance _*«~——————————— AR3QI500

v. The state and community will most likely support; this
i alternative. If new connections are outside the community's
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corporate boundaries, water rates may be regulated by a Public
Utility Commission (PUC). If the community becomes regulated
because of the new connections, there may be some opposition
from the community. Since the existing public water system is
presently serving both the communities of Bristol and Croydon,
this should not be a concern; however, some residents may'object
to paying for water which was once free to them. State and
community acceptance should be evaluated more thoroughly in the
EPA Record of Decision once the public has the opportunity to
comment on the proposed alternatives.
4.3 REMEDIAL ALTERNATIVE 3 - INDIVIDUAL WELL

TREATMENT WITH GAC AND WITH MONITORING

4.3.1 Description

This alternative involves the installation of a granular
activated carbon (GAC) treatment unit in each of the 13 homes
using private wells in the groundwater contamination zone (see
Figure 2-1). The intent of this alternative is to reduce the
present and future health risks associated with the potable and
nonpotable use of contaminated groundwater^.
This alternative involves the installation of a granular
activated carbon (GAC) treatment unit on each individual
residential well. As with any treatment system, the GAC design
should be developed on the adequate characterization of the
influent and pilot testing. The following described system is
subject to modification upon the development of more data.
A 10 gallon carbon capacity pressure unit is proposed to provide
for the necessary contact time and the anticipated carbon use
rate. The unit would be fed by the existing well pump and would
feature an automatic-timer-operated backwash cycle to remove
solids that accumulate.
In order to provide proper operation and maintenance of the
units, a contractor service is required. Replacement of the
carbon is anticipated approximately every 6 months with the
vendor responsible for hauling the spent carbon, and either
disposing or treating it properly since it would contain TCE and
other contaminants. ,

Groundwater monitoring of the GAC effluent will be required as
part of this alternative to verify that the system is operating
properly. Since contaminant concentrations may increase and new
contaminants may appear that cannot be effectively treated by
the GAC treatment (e.g., vinyl chloride), a limited number of
monitoring wells will be monitored annually. These wells, which
are located within the groundwater contamination zone, include:
CR-23-53, ,CR-23-32, MW6(S), MW6(D), MW8(S), and MW8(D).
Additionally, a limited number of residential wells (7 wells)
along Grant and Linton Avenues will be monitored anairtajlrv i CE
confirm the absence of groundwater contamination westHyOTCsiae
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of) of the groundwater contamination f:-ibne. Under this
alternative, the following monitoring activities would occur:

\. '
• Quarterly monitoring of each GAC effluent (13 private
wells) and analysis for target volatile organics
including; TCE, PCE, vinyl chloride, 1,1,1-trichloro-
ethane, 1,1-dichloroethane, and 1,1-dichloroethene.

• Annual monitoring of 6 monitoring wells to evaluate
groundwater changes (same analytical parameters as
above).

• Annual monitoring of 7 residential wells along Grant and
Linton Avenue to confirm absence of groundwater
contamination (same analytical parameters as above).

4.3.2 Short-Term Effectiveness

This alternative could be implemented relatively quickly to
mitigate health risks under both present and future conditions.
The estimated construction time the installation of GAC units in
the 13 homes located in the area of concern is approximately
5 weeks. This construction estimate does not include pilot

3- testing.

~ Generally, GAC can remove a broad range of organics from
drinking water. However, its effectiveness depends on the
specific chemicals present, their concentration, and the
required degree of removal. Trace levels (less than 0.2 ug/1)
of vinyl chloride have been observed in two of the residential
wells and vinyl chloride is also a breakdown product of TCE.

- GAC treatment is not a feasible technology for treating vinyl
chloride. The MCL for vinyl chloride is 2 ug/1 and the MCLG is
zero. Since the observed trace levels are less than the MCL,
the GAC treatment would be effective on the short term; however,
the groundwater must be monitored prior to treatment on a
regular basis to detect any increase • in contaminant
concentrations or occurrences, particularly vinyl chloride.
This alternative has no apparent occupational or community
health risks associated with implementation. Occupational
exposure during installation of .the treatment units is not
anticipated, but could be readily controlled using conventional
health and safety practices.
4.3.3 Lonq-Term Effectiveness and Permanence

Implementation of this alternative would reduce the health risks
associated with exposure to contaminated groundwater, but would
not eliminate all risks since future contaminants may increase
in concentration or new contaminants may appear that .cannot
effectively treated by GAC units (such as vinyl --"***
Although GAC units generally have a removal efficiency of
between 60-90 percent for most organic chemicals, it is apparent
that these treatment systems will be ineffective in mitigating

__- -.-*»•*-**< >_- .-«
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long-term human exposure through groundwater use, should
non-removable contaminants arrive at the receptor wells.

( Additionally, if contaminant concentrations increase l\̂ j
significantly, the contamination may exhaust the carbon supply,

j permitting contaminants to pass through untreated. Thus,
monitoring of both groundwater and treatment effluent is
required to indicate the presence or absence of contaminants

' (i.e., TCE, vinyl chloride) in the wells.

Because of the focused nature of this 'report, it does not
address exposure to contaminant residuals. This will be
addressed in the forthcoming FS.

In order to provide proper operation and maintenance of the
units, a contractor service is required. Replacement of the
carbon is anticipated approximately every 6 months.. The vendor
would be responsible for hauling the spent carbon for subsequent
treatment or disposal. This requirement may be a problem since
under normal conditions, the spent carbon is left by the vendor
with the homeowner for subsequent disposal.
4.3.4 Reduction of Toxicitv, Mobility, and Volume

._ "Because of the focused nature of this FS, this alternative does
i not address the reduction, mobility, or volume of the source of
1 r contamination; however, a forthcoming FS will address

remediation of the groundwater. The toxicity of tha
: contaminants will only be reduced at the point of exposure. ,

I

I
I
i
I

4.3.5 Implementabilitv

-~ The technologies associated with installing individual treatment
r systems and maintaining the systems use common engineering and

construction practices. Pilot testing would be required for the
I design of the treatment systems, but as discussed in
* Section 4.3.2, this should not cause a significant delay in

implementing this alternative.
As indicated in Section 4.3.3,. monitoring of the groundwater and
treatment effluent is required to check the effectiveness of the

» remedy. Should non-removable contaminants arrive at the
I residential wells (e.g., vinyl, chloride), the individual

treatment units cannot be modified to treat these contaminants.

Under this alternative. Right of Entry Agreements would be
required between EPA and the private property owners for the
following:

• To sample 7 residential wells located west of the
groundwater contamination zone.

• To sample 6' monitoring wells within the zone of
groundwater contamination zone. AR30I503

'
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• To install 13 GAC treatment systems;^
• To sample GAC effluent and provide maintenance of units

on a periodic basis.

The availability of ' equipment and specialists to install and
service the treatment units may present a problem since the
vendor would be responsible for hauling away the spent carbon
and disposing or treating it properly. Normally, the spent
carbon is left with the homeowner.
4.3.6 Compliance with ARARs

The installation of individual well treatment units in the homes
using private wells should satisfy the applicable drinking water
standards, based on the current. contaminants and degree of
contamination in the residential wells. Should non-removable
contaminants such as vinyl chloride occur in concentrations
greater than the MCL (2 ug/1) in the residential wells, then
this alternative would not comply with the ARARs for the Croydon
TCE Site.

4.3.7 Overall Protection of Human Health and the Environment

Implementation of this alternative would reduce the health risks
associated with exposure to contaminated groundwater, but would
not eliminate all risks since future contaminants may increase
in concentration or new contaminants may appear that cannot be
effectively treated by GAC units (such as vinyl chloride).
Additionally, since it does not address remediation of the
contaminated groundwater, a private well could be installed in
the future and, without treatment, exposure to contaminants
would occur.

Implementation of this alternative will result in a decrease in
the contaminant levels in groundwater used in the home. The
effectiveness of this alternative is based on the assumptions
that the granulated activated carbon filter will operate at
peak efficiency and adequate maintenance will be performed. If
the filter is not replaced as scheduled (i.e., every 6 months),
contaminant breakthrough could occur and exposure to the
contaminants present in the groundwater at levels greater than
or equal to the original concentrations could result.
Once the activated carbon becomes saturated, it will be replaced
by a permitted vendor. This may introduce short term risks
associated with the removal and disposal of the spent carbon.
However, proper health and safety measures can be taken to avoid
this potential problem.

Because of the focused nature of this report, this alternative
does not address the protection of the environment, but a
forthcoming FS will address this issue. ARoQISQl*
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4.3.8 State and Community Acceptance

( State and community acceptance of this alternative is "••—̂
questionable. EPA. will not be responsible for .the long-term

I operation and maintenance of the treatment system once it is
operational. EPA will seek transfer of control as soon as
construction is complete. Control will generally be transferred

i to local authorities. The local authorities will most likely
1 not want to accept this additional expense and the community may

fear that the O&M costs will be imposed upon them by the local
authorities. Since monitoring of the groundwater and effluent
is also required under this alternative, a similar situation
would exist with costs associated with collecting samples and
providing analysis. EPA would pay for the operation and
maintenance cost of monitoring for the first year. These costs
thereafter would be the responsibility of the State.
4.4 COST EVALUATIONS

The cost analysis for the remedial alternatives involves the
following:

• Capital Cost Estimation
• Operation and Maintenance (O&M) Cost Estimation

— - a Present-Worth Analysis

K
I

I

Capital Costs are those expenditures that are initially incurred
to develop and incorporate a remedial action. Capital costs
consist of direct and indirect costs.
O&M Costs are those required to operate and maintain the
remedial action throughout its lifetime.
Present-Worth Analyses discount expenditures that occur over

I different time periods to the present year. A 30-year project
life, 5 percent discount rate, and zero inflation are used in
the analyses.

I The method for estimating considers unit costs and construction
quantity estimates. Unit costs were assigned to the work

I quantities considering the materials required, the types of
equipment to be used, and the construction difficulty expected.
Labor and equipment costs are adjusted, if required, to reflect
construction difficulty and diminished productivity associated

I w i t h higher levels of health and safety protection required or
hazardous work items.
Cost estimates have been prepared in detail for each of the
three alternatives. These estimates are summarized in Table 4-2
and discussed below. Appendix B presents additional detailed
information regarding the development of these costs.

* AR301505( . - - - •
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TABLE 4-2

REMEDIAL ACTION ALTERNATIVE COST SUMMARY
CROYDON TCE SITE

Remedial Action
Alternative

No. 1 - Ho Action

No. 2 - Alternate
Hater Supply

No. 3 - Individual
Well Treatment vith
GAC

-

Sensitivity Cost
Item

Not Applicable

Number of homes to
be serviced vith
public water is
estimated to be 13.
A sensitivity high
range of SO percent
was used.
Number of homes to
be treated is
estimated to be 13.
A sensitivity high
range of SO percent
was used.

Capital
Costs
(1000s)

-0-

53.6

£9.1

64.5

69.2

Annual OtK
Costs (1000s)
(Includes

Monitoring)

Years
1-5

-0-

3.4

3.4

29.9

39.2

Years
6-30

-0-

3.4

3.4

10.7

14.3

Present
Worth
Costs
(1000s)

.

-fl-

ue

121

312

417

AR30I506
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I 4.4.1 Alternative No. 1 - No Action

( This alternative will not require any implementation of remedial
activities, therefore cost evaluations are not applicable.I
4.4.2 Alternative No. 2 - Alternative Water

Supply With Monitoring

The capital, O&M, and present worth costs for this alternative
are outlined in Table 4-2. Baseline and high sensitivity cost
estimates have been developed for this alternative. The
baseline estimate of 13 homes (to be serviced with public water)
is based on information provided to the REM III Project Team by
the Borough of Bristol Water and Sewage Department. The high
sensitivity cost estimate for this alternative assumes that
7 more residential wells (i.e., a total of 20 residential wells)
will be connected.to the public water supply. Since no "door to
door" check or survey was made throughout the area of concern,
and the number of "non-serviced11 households was provided by the
water department, it is possible that more homes along
"serviced" streets are without public water. A 50 percent
sensitivity factor provides for error in the water department's
records. As previously mentioned, the location and number of
non-serviced households should be verified prior to designing
this remedial alternative. Detailed cost information is
provided in Appendix 3.
4.4.3 Alternative No. 3 - Individual Well Treatment )

with GAC and with Monitoring ^~*

Table 4-2 outlines the capital, O&M, and present worth costs for
this alternative. The baseline and high sensitivity cost
estimates are based on 13 GAC units and 20 GAC units, •
respectively. The rationale for estimating the number of
affected households is the same as for Alternative No. 2.
Detailed cost information is provided Appendix B.
4.5 SUMMARY OF DETAILED ANALYSIS OF ALTERNATIVES

Table 4-3 provides a summary and comparison of each alternative
with respect to the nine criteria.

/ ' . AR30I507
V. ~«
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APPENDIX A

PRELIMINARY DESIGN CALCULATIONS
FOR GRANULAR CARBON FILTRATION UNITS
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AR3QI521



NUS CORPORATION AND SUBSIDIARIES STANDARD CALCULATION
-- •" •- "' ' ' w rfawC /

CLIENT: .
Qou/xolttA .
SUBJECT: x

Lrc^crtTCc tiit-^l-

(FILE NO.:

rCrnAJiVt t'OO- Z

BY:

CHECKED BY:
PAGE J OF 2
DATE:
9-14-22

-for ̂toative Klo.i -

7,70 ' L.P.

50 L-F.

of 13 ffc»i<knC#> x SD'/ea * &O

Stops/ arvtii Curb foxes (%* 0 ,

AR30I522

NUS USA DEVISED 0285



c
NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULA TION \

SHEET]

S.F.

' AR30I523
.4 - - '

NUS 1SSA REVISED 028S



isi 5 5 £If I I I

s

£

- f
CJ O g
«pes « »- « C) M>

s s?«J » t-

o o

|| SS8g§ g 8
•3 i v £ co

I ID tf>

S 8gg g g
-eg *

I
i

ggg— 5 5
Mt4«4

i

I «~~: 4̂ " f **

^
....... ..._.._„_„ .1M l fl ̂  H B

I

RE

«-. - . , . AR30I521*
P*K>*>« c ». M &e Q
_M * *• • V C«* O
•••3i S f* E || i

"3 —C "3 «?J
*i T? C * CM



1

! I

I

i'
3

S3S8S

!82if S 8>e« u> 3 t»

r* u» o O o3 8S8 I

•» 9<0 3• .
M Itl

38333 3

S 333 3 3
e> • a> • • •et >• o o u» n

t- 25 CM *•
"3 *

u> r>nia
M

»̂i 3 3

l OOQ«*v» O u>iot»(C c* •»I C«NC«

= 5 I
ifi I "3IT "3

I

1--I1-

o -a

i

3
I

i; 333 S
41

j

I II
32"

i 11

*> If 3

•••35 3 *• S. |S
3*si -3 =;i -a -3•Q O tt U mm >*4 %* fl 4J mmt

lllj | 18 | IfaJS^a ^ M£ ^ a a

Si?! 3>I .1 « >'• AR30I525



1*1; siin• *

£tO ~Ci 5,l<? ««-«
gj - - - I -- -- - <p

oti o <OD

s

§>•* K>Oflomio

g g

gn m
K) •«

O

S i?

5!

* o

i

g
g
CM

g g
4 4
§ O

S

g| 5 5 «

« e« e —«

ll1
*I ^Is 3

.wmmt . — - -
*> *«

I

>i 31<£ 3 C
. j. <.,,- ....-r..

||« !
A* • • •* o ••* « i1

j -J]5| III! 2!5l I »2 1 H8 RR30I526
• -5|s| Illl Ifell -3 Ic -3?l|i| j.,.., -] Ilil I || I ii-it >9



id
! 3 !

tM «J 4*

JJJ

<*#J1
1:

3

iiiau*
S C M C M

•»•*

3

3

3 3

«ai111ill 51
J 1

e»
S C * C M

*•*•

ati

Jwo a -J «* S3
^»«O"" o S5 3 ****

i| a
Si 3

33
**
r ft -— -"-'*



CROYDON TCE SITE U
Bucks County, Pennsylvania,
Connection to Public Water Supply
Alternative No. 2 (Baseline)
Post Besedial Monitoring
(0&MCS2)

Annual Costs*

*********************************************************************.

ITEM

**********************
1. Stapling

**********************
2. Analysis

**********************
3. Reporting

**********************

TOTAL ANNUAL
COST

ITEM $
ANNUAL
SAMPLING

***************
1620.00

***************
900.00

***************
900.00

.
***************

3420.00

• •
NOTES

********************************
' 7 groundwater saaples,
32 Banhours per sampling
period plus travel, living
and satple shipping costs
********************************
9 saaples per sampling period
(incl. blank and duplicate)*
volatile organic
(EPA 601/SW 8010)
********************************
Annual reports
20 Banhours per report
********************************
Post remedial aonitoring vill
be performed annually for
years 1 thru 30

***********************************************************************

AR30I528



CROYDON TCE SITE
Bucks County, Pennsylvania
Connection to Public Water Supply
Alternative No. 2 (Sensitivity High Range)
Post Remedial Monitoring
(04MCS2H)

Annual Costs

*********************************************************************
ITEM

**********************
1. Saipling

**********************
2. Analysis

**********************
3. Reporting

**********************

TOTAL ANNUAL
COST

ITEM $
ANNUAL
SAMPLING

***************
1620.00

***************
900.00

.

***************
900.00

***************

3420.00

.
NOTES

********************************
7 groundwater saaples,
32 Banhours per supling
period plus travel, living
and saaple shipping costs
********************************
9 saaples per sampling period
(incl. blank and duplicate),
volatile organic
(EPA 601/SW 8010)
********************************
Annual reports
20 Banhours per report
********************************
Post remedial sonitoring will
be performed annually for
years 1 thru 30

***********************************************************************

( • • . , . . . . .
301521
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CROYDON TCE SITE
Bucks County, Pennsylvania
Granular Activated Carbon Domestic Water Treatment
Alternative No. 3 (Baseline)
Post Remedial Monitoring
(04.MCS3)

Annual Costs

ITEM

1. Sampling

2. Analysis

3. Reporting

4. Granular Activated
Carbon

TOTAL ANNUAL
COST

ITEM $
QUARTERLY
SAMPLING
t******4
12000.00

11200.00

3600.00

3100.00

29900.00

ITEM $
ANNUAL
SAMPLING

k*****4
3000.00

2800.00

1800.00

3100.00

10700.00

NOTES
*******

13 groundwater samples,
13 residential saaples,
60 aanhours per sampling
period plus travel, living
and sample shipping costs
c**************************
28 samples per sampling period
(incl. blank and duplicate),
volatile organic
(EPA 601/SW 8010)
I******************
Quarterly reports
20 aanhours per report
Annual reports
40 Banhours per report
******************4
13 GAC Contacters
GAC replaced 2 times/year
r**************************
Post remedial aonitoring will
be perforaed quarterly for
years 1 thru 5 and annually
for years 6 thru 30

(V , . flR30(530
I

I



I
i
1(
i

CROYDON TCE SITE
Bucks County, Pennsylvania
Granular Activated Carbon Domestic Water Treatment
Alternative No. 3 (Sensitivity High Range)
Post Remedial Monitoring
(0&MCS3H)

Annual Costa

ITEM

**********************
1. Saapling ;

**********************
2. Analysis

**********************
3. Reporting

**********************
4. Granular Activated

Carbon
**********************

TOTAL ANNUAL
COST

ITEM $ *
QUARTERLY 4
SAMPLING 1

***************4
16800.00 *

i
i
i
1

***************4
14000.00 4

***************
3600.00

•

***************
4800.00

***************
'

"

39200.00

' ITEM $
* ANNUAL
» SAMPLING
***************
» 4200.00
t
t
t
t
***************
« 3500.00

**************
1800.00

**************
4800.00

'
**************

14300.00

NOTES
********************************--
13 groundwater saaples,
20 residential saaplea,
80 aanhours per sampling
period plus travel, living
and sample shipping coats

35 saaples per saapling period
(incl. blank and duplicate),
volatile organic
(EPA 601/SW 8010)

Quarterly reports
20 aanhours per report
Annual reports
40 aanhours per report
********************************
20 GAC Contactors
GAC replaced 2 times/year
********************************
Post remedial monitoring will
be performed quarterly for
years 1 thru 5 and annually
for years 6 thru 30

**************************************************************************************
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EPA REGION HI
SUPERFUND DOCUMENT MANAGEMENT SYSTEM

DOC ID #
PAGEl/fr

IMAGERY COVER SHEET
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Contact the CERCLA Records Center to view this document
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